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INTRODUCTION 


The  circadian  clock  and  the  cell  cycle  are  two  global  oscillatory  systems  in  most  eukaryotes 
which  arc  responsible  for  regulation  of  many  essential  pathways  and  processes.  It  has  long  been 
suspected  that  these  two  systems,  both  of  which  oscillate  with  a  periodicity  of  approximately  24  hours, 
are  somehow  eonnccted  but  the  nature  of  this  relationship  has  not  been  well-defined.  Reports  of 
epidemiological  studies  that  circadian  rhythm  disruption  due  to  shift  work  increases  breast  cancer  risk  in 
women  (Hansen,  2001)  indicate  that  there  is  indeed  a  link  between  the  cell  cycle  and  the  circadian  clock. 
More  recent  reports  show  that  genetic  or  surgical  disruption  of  the  clock  can  cause  increased  rates  of 
tumor  growth  in  mice  (Fu  el  al,  2002;  l’ilipski  el  al,  2002).  The  goal  of  this  work  is  to  investigate  the 
effect  of  genetic  circadian  clock  disruption  on  tumorigcncsis  and  the  cell  cycle  in  a  mouse  system  using 
mice  deficient  in  Cryptochrome  1  and  Cryptochrome2,  two  of  the  core  mammalian  circadian  clock 
genes. 


The  specific  aims  of  this  proposal  are  as  follows: 

1.  We  will  determine  the  effect  of  circadian  clock  disruption  on  uninduced  tumor 
development  in  cryptochrome-deficient  mice. 

2.  We  will  determine  the  susceptibility  of  mice  with  disrupted  circadian  rhythms  to  ionizing 
radiation. 

3.  We  will  use  cell-based  assays  to  investigate  the  cell  cycle  phenotype  of  cryptochrome- 
deficient  cells  under  normal  and  induced  conditions. 


Specific  Aim  1:  We  will  determine  the  effect  of  circadian  clock  disruption  on  uninduccd  tumor 
development  in  cryptochrome-deficient  mice. 

Wc  have  set  aside  a  small  population  (11  of  each  genotype)  of  wild-type  mice  and 
Cryptochrome r/’Cryptochrome2~/~  mice  {Cry /  A Cry 2~'~,  Selby  et  al,  2000;  Vitaterna  et  al,  1999)  for 
observation  of  tumor  development  under  normal,  uninduced  conditions.  Due  to  the  inefficient  breeding 
wc  observe  for  Cryl~/~Cry2~'~  mice,  the  cohort  of  mice  used  for  this  study  was  relatively  small.  Wc  arc 
continuing  to  breed  mice  for  use  in  this  study  and  arc  observing  the  current  cohort  for  mortality  and 
tumor  development. 


Specific  Aim  2:  We  will  determine  the  susceptibility  of  mice  with  disrupted  circadian  rhythms  to 
ionizing  radiation. 

Wc  have  set  aside  a  population  of  wild-type  mice  (24)  and  CryV/'Cry2'/'  mice  (27)  for 
observation  of  susceptibility  to  ionizing  radiation  (IR).  Mice  were  treated  with  a  single  dose  of  4  Gy  of 
TR  at  approximately  8  weeks  of  age.  Treatment  was  done  at  zeitgeiber  time  (7,T)  10,  which  has  been 
reported  to  be  the  time  of  day  at  which  the  mitotic  index  in  murine  bone  marrow  is  highest  (Bjarnason 
and  Jordan,  2000).  Mice  were  observed  for  80+  weeks  after  treatment  for  morbidity  and  mortality  and 
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the  results  were  analyzed  using  the  Kaplan-Meier  method  of  determining  survival  rate  (Figure  1).  Our 
results  show  that  wild-type  mice  and  Cryl/Cry2^  mice  show  similar  survival  rates  after  treatment  with 
TR.  Moreover,  no  overt  tumors  were  observed  in  mice  of  either  genotype  over  the  course  of  the  study  or 
as  causes  of  death.  Irradiated  mice  died  from  a  variety  of  causes  including  paralysis,  seizures,  and 
genitourinary  prolapses  and  infection  that  necessitated  euthanasia,  and  in  some  cases  indeterminable 
causes. 


Figure  1:  Crytpochrome-deficient  mice  do  not  show 
increased  sensitivity  to  ionizing  radiation.  Mice 
irradiated  at  8  weeks  of  age  with  a  single  dose  of  4  Gy 
of  IR  were  observed  over  801  weeks  for  morbidity 
and  mortality.  Survival  is  plotted  using  the  Kaplan- 
Meier  method. 


(Note:  Originally  we  intended  to  repeat  this  analysis  using  mice  in  a  retinal  degeneration  background  to 
confirm  that  any  change  in  IR  response  that  we  observed  was  indeed  due  to  the  circadian  phenotype  of 
the  animals.  However,  because  our  data  indicates  no  change  in  IR  response  between  wild-type  and 
CryV/'Cry2'/  mice,  we  elected  not  to  perform  the  analysis  in  an  alternative  background.) 


Specific  Aim  3:  Wc  will  use  ccll-bascd  assays  to  investigate  the  cell  cycle  phenotype  of 
cryptochrome-deficient  cells  under  normal  and  induced  conditions. 

For  this  set  of  experiments  we  have  used  wild-type  and  Cry 7"7' Cry 2"/’  fibroblast  cell  lines  isolated 
from  our  animals  (Thompson  ct  al,  2004).  Both  cell  lines  underwent  spontaneous  immortalization.  Our 
goal  was  to  determine  the  cell  cycle  phenotype  of  both  cell  lines  with  respect  to  cell  cycle  arrest  after 
DNA  damage  and  DNA  repair  after  damage. 

We  used  flow  cytometry  to  determine  cellular  response  to  IR.  Cells  were  treated  with  8  Gy  of  IR 
and  DNA  content  analysis  was  performed  at  the  indicated  timepoints  (Table  1).  Percentage  of  cells  in 
Gl,  S,  and  G2/M  phases  of  the  cell  cycle  was  quantitated  and  is  shown  in  Fable  1.  Our  data  shows  that 
both  wild-type  and  Cryl  /  Cry2  /'  fibroblasts  underwent  a  G2/M  arrest  as  a  result  of  DNA  damage  by  TR. 
Moreover,  both  cell  types  recovered  from  the  G2/M  arrest  with  similar  kinetics. 
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Genotype 

Time  (h)  post-IR  (8  Gy) 

%  cell  population 

G1 

S 

G2/M 

Wild-type 

0 

45.16 

30.28 

25.98 

4 

31.53 

36.24 

34.08 

8 

14.25 

31.41 

56.06 

12 

18.09 

16.85 

65.72 

24 

39.71 

27.95 

33.68 

CryrCryZ"- 

0 

41.20 

34.34 

26.35 

4 

24.17 

42.43 

36.37 

Table  1:  Cellular  arrest  in  response  to  IR. 

8 

10.64 

36.63 

56.50 

Cells  of  the  indicated  genotypes  were  treated 

12 

21.04 

9.91 

68.05 

with  8  Gy  of  IR  and  DNA  content  analysis  was 

24 

39.08 

26.88 

32.94 

performed  at  the  indicated  timepoints. 

To  analyze  DNA  repair  after  treatment  with  DNA  damaging  agents,  elonogcnic  assays  were 
performed.  Cells  were  plated  at  low  density  and  treated  with  the  indicated  doses  of  either  ultraviolet 
light  (IJV)  or  IR.  After  growing  for  9-10  days,  colonics  were  stained  and  counted.  As  Figures  3A  and 
3B  show,  both  wild-type  and  CryV/'Cry2'/ '  fibroblasts  show  identical  survival  profiles  after  treatment 
with  either  UV  or  TR.  These  data  indicate  that  the  DNA  damage  checkpoint  and  DNA  repair  pathways 
arc  operating  normally  in  both  cell  types  and  that  Cryl'Cryl^  fibroblasts  are  not  deficient  in  either  of 
these  pathways. 


Figure  3:  Cellular  survival  in  response  to  UV  or  IR.  (A)  Colony  survival  after  treatment  with  UV.  (B)  Colony 
survival  after  treatment  with  IR.  Cells  were  treated  with  the  indicated  doses  of  either  UV  or  IR  and  allowed  to 
form  colonies  for  9-10  days.  Colonies  were  fixed  and  stained  with  Giemsa  stained  and  survival  is  plotted. 

Future  plans  for  this  set  of  experiments  include  analysis  of  protein  expression  profiles  for  a  panel 
of  proteins  involved  in  cell  cycle  regulation. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


>  Mice  with  genetic  disruption  of  the  circadian  clock  through  loss  of  core  circadian  clock  genes 
Cryptochrome  1  and  Cryptochrome2  do  not  show  increased  sensitivity  to  1R  or  increased 
susceptibility  to  IR-induccd  tumorigcncsis.  (Specific  Aim  2) 

>  Both  wild-type  and  Cryptochromc-dcficicnt  fibroblasts  show  similar  responses  to  DNA 
damaging  agents  with  respect  to  DNA  damage  checkpoint-mediated  cell  cycle  arrest.  (Specific 
Aim  3) 

>  Both  wild-type  and  Cryptochromc-dcficicnt  fibroblasts  show  normal  abilities  to  repair  DNA  in 
response  to  DNA  damage  by  either  UV  or  IR.  (Specific  Aim  3) 


REPORTABLE  OUTCOMES 

>  MANUSCRIPT  IN  PROGRESS 

Gauger  MA  and  Sancar  A.  Cryptochromeless  mice  lacking  circadian  rhythm  do  not  exhibit 
increased  incidence  of  ionizing  radiation-induced  morbidity  or  mortality.  2005  (in  progress). 

>  ABSTRACT 

Gauger  MA  and  Sancar  A.  Cryptochromc,  circadian  clock,  cell  cycle,  and  cancer.  Keystone 
Symposia  2005  Cancer  and  Development  Abstract  Book  2005:  121. 

>  PRESENTATION 

Gauger  MA.  Cryptochromc,  circadian  clock,  cell  cycle,  and  cancer.  Keystone  Symposium 
2005:  Cancer  and  Development.  February  5-l;cbruary  1 0,  2005,  Banff,  Alberta,  Canada. 


CONCLUSIONS 

From  our  current  progress  on  the  work  outlined  in  our  proposal,  we  conclude  that  circadian  clock 
disruption  per  se  does  not  predispose  mice  to  cancer.  Although  it  has  been  shown  that  disruption  of  one 
core  circadian  gene  ( mPeriod2 )  does  cause  increased  lumorigenesis  and  disrupted  cell  cycle  in  mice,  this 
phenomenon  is  not  seen  after  disruption  of  the  two  Cryptochrome  core  circadian  genes  and  thus  is  not 
universal  to  all  types  of  circadian  clock  disruption.  Further  work  is  needed  to  discover  the  exact 
mechanism  by  which  some  types  of  circadian  clock  disruption  can  predispose  individuals  to  tumor 
development. 


7 


REFERENCES 


1 .  Bjarnason,  G.A.  and  Jordan,  R.  (2000)  Circadian  variation  of  cell  proliferation  and  cell 
cycle  protein  expression  in  man:  Clinical  implications.  Prog  Cell  Cycle  Res,  4,  193-206. 

2.  Filipski,  E.,  King,  V.M.,  Li,  X.  et  al.  (2002)  Host  circadian  clock  as  a  control  point  in  tumor 
progression  in  mice.  J Natl  Cancer  Inst,  94  (9),  690-697. 

3.  l:u,  L,  Pclicano,  11.,  Liu,  J.,  Huang,  P,  and  Lee,  C.C.  (2002)  The  circadian  gene  Period 2 
plays  an  important  role  in  tumor  suppression  and  DNA  damage  response  in  vivo.  Cell, 
111,41-50. 

4.  Hansen,  J.  (2001 )  Increased  breast  cancer  risk  among  women  who  work  predominantly  at  night. 
Epidemiology,  12  (1),  74-77 . 

5.  Selby,  C.P.,  Thompson,  C.,  Schmitz,  T.M.,  Van  Odder,  R.N.,  and  Sanear,  A.  (2000)  Functional 
redundancy  of  cryptochromes  and  classical  photoreceptors  for  nonvisual  ocular  photoreception 
in  mice.  Proc  Natl  Acad  Sci  USA,  97  (26),  14697-14702. 

6.  Thompson,  C.L.,  Selby,  C.P.,  Partch,  C.L.,  Plante  D.T.,  Thresher,  R.J.,  Araujo,  F.,  and  Sanear, 

A.  (2004)  Further  evidence  for  the  role  of  cryptochromcs  in  rctinohypothalamic 
photoreception/phototransduction.  Mol  Brain  Res,  122,  158-166. 

7.  Vitatcrna,  M.H.,  Selby,  C.P.,  Todo,  T.  ct  al.  (1999)  Differential  regulation  of  mammalian  period 
genes  and  circadian  rhythmicity  by  cryptochromcs  1  and  2.  Proc  Natl  Acad  Sci  USA,  96  (21), 
12114-12119. 


8 


